The absorption of ∼ 1 GeV photons by light and heavy nuclei is simulated by means of the RELDIS model based on the intranuclear cascade and Fermi break-up models. The average excitation energy of residual nuclei created after the photoabsortion on 12 C is estimated at the level of 2.5-3 MeV per nucleon, which is essentially higher compared to the photoabsorption on heavy nuclei. It was found that a complete fragmentation of 12 C into 12 nucleons is observed typically once per 5000 events. Measured multiplicity distributions of produced fragments are well described by the model. As confirmed by preliminary data obtained by the GRAAL collaboration, multifragment decays of light nuclei can be seen in reactions induced by 700-1500 MeV photons.
Introduction
In proton-nucleus [1] and nucleus-nucleus collisions [2] nuclear matter can be compressed and heated. In this way its properties can be investigated under conditions which are very different from those for nuclei in their ground state, and a phase transition to nucleon gas can be studied [3] . In relativistic or ultrarelativistic heavy-ion collisions [4] tremendous kinetic energy of a projectile nucleus is transfered to collision partners and released in emitted particles. However, even at lower projectile energies of few hundreds MeV the mass, charge and nuclear structure of the target nucleus also change significantly already at the very beginning of a central or semi-central nucleus-nucleus collision event. This means that hot nuclear systems produced at early stages of such collisions are characterized by large variations of mass and excitation energy. Therefore, such excited nuclei keep only a distant resemblance to the initial projectile or target nucleus because of many nucleons lost or exchanged by collision partners.
It would be interesting to find a way to deliver pure energy instead of energy with some additional nucleons to the target nucleus in order to study decays of a hot nuclear system with definite properties. In the present work the absorption of intermediate-energy (∼ 1 GeV) photons by light and heavy nuclei is considered for this purpose. It is expected that mass and charge distributions of excited residual nuclei created in photoabsorption are more narrow compared to the corresponding distributions predicted for nucleus-nucleus collisions. Moreover, in contrast to nucleus-nucleus collisions, exited nuclear matter produced in photonuclear reactions is not divided into projectile and target remnants and characterized by much lower angular momentum and collective flow.
The first papers devoted to the disintegration of light nuclei by photons [5, 6, 7] were published four decades ago. In a recent experiment [8] the disintegration of 12 C into four particles by ∼ 40 MeV photons was investigated. However, to the best of our knowledge, no processes of multifragmentation of light nuclei induced by ∼1 GeV photons were detected so far. In the present paper we simulate photonuclear reactions with the RELDIS model [9, 10, 11] . The main attention is paid to the disintegration of 700-1500 MeV photons by 12 C nuclei and comparison with preliminary data obtained by the GRAAL collaboration for this process.
RELDIS model of photonuclear reactions
It is widely accepted that inelastic interactions of fast particles with nuclei can be described as a sequence of several stages with a specific model applied at each stage. At the first stage photons of intermediate energy of several hundreds of MeV interact with an individual nucleons inside the target nucleus. In the present study the RELDIS model [12] is employed to simulate photonuclear reactions by means of the Monte Carlo method.
Simulations of intranuclear cascades involve the production and secondary interactions of mesons as well as recoil nucleons. The quasideuteron absorption of photons and the meson production on intranuclear nucleons are taken into account. The two-body channel γN → πN dominates up to E γ ∼ 0.5 GeV, while at 0.5 ≤ E γ ≤ 2 GeV the channels γN → 2πN and γN → 3πN play the main role. At the end of the hadronic cascade, some quasiparticles remain in the nuclear Fermi gas as holes (N h ), which are knocked-out nucleons, and particles (N p ), which are slow cascade nucleons trapped by the nuclear potential. In the RELDIS model, the excitation energy of the residual nucleus is defined as 
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where A and Z are the numbers of nucleons and protons, respectively, in the target nucleus, and q c i and e c i are the baryon number and charge carried away by the cascade particle i.
Photoexcitation of light and heavy nuclei
As demonstrated [3] , an explosive decay of an excited nucleus into three or more nuclear fragments is observed when E ⋆ is comparable to the total binding energy of such a nucleus. This phenomenon of multifragmentation reveals itself at E ⋆ /A RN above 3 MeV per nucleon. RELDIS results for average E ⋆ and E ⋆ /A RN are plotted in Fig. 2 for photons, protons, antiprotons and 3 He of different energies interacting with 12 C and 197 Au nuclei. As seen, the absorption of photons by heavy nuclei leads to relatively low E ⋆ /A RN . This explains the dominance of evaporation and
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Igor Pshenichnov fission of lead and actinide nuclei over their multifragment decays following the absorption of 68 -3770 MeV photons [13] . This was also demonstrated by detecting nuclides with the mass number of 24 -131 produced in the absorption of bremsstrahlung photons with end-point energies from 300 to 1100 MeV by 197 Au [14] . One can also note, see Fig. 2 , that photons less effectively heat heavy target nuclei compared to protons, antiprotons and 3 He. 
Multi-particle break-up of 12 C
Residual nuclei with much higher E ⋆ /A RN of 2.5 -3 MeV are created in photoabsorption on 12 C, see Fig. 2 . The probability distribution to produce a residual nucleus with a given E ⋆ /A RN is shown in Fig. 3 . As seen, the main part of events is characterized by E ⋆ /A RN < 2 MeV with a subsequent emission of individual nucleons by the excited nuclear residue. Nevertheless, there is a low probability to create nuclei with E ⋆ /A RN > 5 MeV which undergo multifragment breakup [3] . In order to describe such decays a model which is similar to the Fermi break-up model for multiple particle production in proton-proton collisions [15] is employed [16, 17, 18] . It is assumed that during the decay time of about 100 fm/c the excited nucleus disintegrates into cold or slightly excited fragments. The masses of fragments in their ground and lowest excited states are taken from nuclear data tables, and all possible break-up channels, which satisfy the mass number, charge, energy and momenta conservations are considered. For example, an excited 12 C nucleus can decay into more than 200 channels containing various combinations of protons, neutrons and light nuclei. It is assumed that the probability of an individual break-up channel containing n particles with masses m i (i = 1, · · · , n) is proportional to its phase space volume [15, 16, 17, 18] . The momentum distributions of final products are obtained by the random generation over the
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Igor Pshenichnov accessible phase space which is defined by the total energy taking into account the energy and momentum conservation.
The calculated probability distribution of events with a given number of neutrons is shown in Fig. 4 . In ∼ 30% of events protons are emitted without neutrons. Next ∼ 30% of events are represented by the emission of 1 -2 neutrons and they also correspond to the most probable low excitations. Some 1 -2 neutrons are typically emitted during cascade process. In contrast, highmultiplicity events are very improbable. In particular, events with six neutrons which correspond to a complete disintegration of 12 C into individual nucleons are observed once per about 5000 photoabsorption events. It is remarkable that some events with seven neutrons are also observed despite the fact that the target nucleus contains only six neutrons. This is explained by γ p → π + n and other reactions of meson production which lead to a recoil neutron rather than to a proton. A very low probability of these events calculated with the RELDIS model agrees well with the measured value. In general, the calculated distribution is in a good agreement with a distribution measured by the GRAAL collaboration, which is shown in the same figure.
Conclusions
As follows from our measurements and simulations, the disintegration of 12 C nuclei which results from the absorption of 700-1500 MeV photons can be reasonably well described as a twostage process. The RELDIS model predicts a wide distribution of excitation energies of nuclear residues which are created in the photoabsorption after the first cascade stage of the reaction. A large part of the photon momentum is typically taken away by fast cascade particles.
The most probable photodisintegration events are characterized by the emission of 1 or 2 nucleons. However, a complete disintegration of 12 C into individual nucleons is also seen in a small (∼ 0.05%) fraction of photoabsorption events. The model describes the neutron multiplicity distributions very well.
It was found that photons less effectively heat heavy target nuclei compared to protons, antiprotons and 3 He. However, the average excitation energy of light residual nuclei created after the photoabsortion on 12 C is estimated at the level of 2.5-3 MeV per nucleon, which is essentially higher compared to the photoabsorption on heavy nuclei. Some photoabsorption events are associated with E ⋆ /A RN > 5 MeV sufficient for multiframent break-up of 12 C. This means that multifragment decays of light nuclei can be investigated also in photonuclear reactions in addition to proton-induced reactions and heavy-ion collisions.
